Lab 6.  Radiometry and remote sensing reflectance
Class will divide into three equal groups.  

Safety:  Never look directly at the sun!

Group 1. Radiometry measurements of the sky and the water near the dock

Activities (Note: perform all activities, process the data as indicated, and answer all questions):
In this lab we will measure the radiance distribution of sky using a hyperspectral radiance sensor. Using a protractor, divide the sky into azimuthal angles, where  = 0 is defined as the solar azimuthal angle, and  is the solar zenith angle.
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Nadir View (= 0o)
Collect observations for the suite of angles  = 0 o, 30 o, 45 o, 60 o, 90o and  = 0 o, 45 o, 90 o, 135 o, 270 o, 315o. (This represents a total of 30 measurements!)  Construct a contour,  polar plot of radiance on the graph below (for 3 wavelengths 10nm bands one blue one green and one red).

Switch the radiance sensor with an irradiance sensor attached to a Gershun tube. At several angles measure radiance using this setup (include sun, sky and water).
a. Before you plot your data, describe your expectation of the sky radiance distribution.

b. How homogeneous is the sky radiance distribution?

c. Comment on the practical aspects of measuring the sky radiance distribution.
d. How do the irradiance sensor + Gershun tube and radiance sensor compare?

e. How do the sky, water, and sun spectra measured with the Gershun tube compare?

f. Using the data you collected when pointing the irradiance sensor directly at the sun, compute the spectral transmission of the atmosphere as the ratio of the radiance you measure, times 2sr], to the irradiance at the top of the atmosphereto convert the sun irradiance to its radiance, see http://www.pveducation.org/pvcdrom/appendicies/standard-solar-spectra for data).
Group 2. Radiometry measurements off the dock, PAR measurements.

Down on the dock deploy the radiometer buoy, placing the buoy between sun and dock (if possible). Compare Ed and Lu spectra. Observe qualitatively how the Lu spectrum changes as you pull the buoy slowly vertically out of the water. 
a. How do the irradiance spectra change when the buoy is in full sun light, in the shadow of dock, and when the direct beam of the sun is occluded?

b. Simultaneously take data with the buoy and the Licor PAR sensor on the dock (used in the fluorescence lab).

c. Compute Ed(PAR) from hyperspectral data (400 to 700nm)  and SeaWIFS bands (extrapolate if needed) and compare to that measured by the PAR sensor (see: fig. 1.1 in http://www.fondriest.com/pdf/li-cor_190_200_manual.pdf for Licor specs).
d. Take a simultaneous reading with group 3 (or Brandon with the ASD) and compare the resulting Rrs (=Lu(0+)/Ed(0+)). Get to Lu(0+) by propagating Lu across the interface.
Group 3. Radiometry and reflectance from above the surface.

With the SAS radiometer system, explore collecting data with radiometers at several sensor zenith angles (30, 35, 40 and 45 degree, for both Li and Lt at one azimuth angle of your choice), and several azimuth angles (0, 45, 90, 135 and 180 for one sensor zenith angle). Mobley’s (1999) recommended values are 40 degrees for Li and Lt and at 135 degrees azimuth angle away from the sun.  Remember that this system also logs a reference irradiance measurement. Note changes in the sky and water during the measurements.
a. Take one data reading (at angles specified as optimal for method) at the same time as Group 2. Compare above-water remote-sensing reflectance from the SAS system with the value from the radiometer buoy.

b. From the data, compute the above-water remote-sensing reflectances for different measurement angles. How variable are they?  Use Mobley’s (1999) equation to compute remote-sensing reflectance: Rrs=(Lt-0.028Li)/Ed
c.  Occlude the sun out of the reference irradiance sensor and compare the spectra of the irradiance sensor (without the sun) with the radiance sensor pointing at the sky. How similar are they? What would you expect their ratio to be if the sky light was homogeneous? How does it compare to your data? 

d. When Brandon is at the station: compare reflectance data computed with ASD and HyperSAS systems, sampling at the same orientation. How can you explain the differences between the results?
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